ABSTRACT
INTRODUCTION
Nowadays, the need to the materials that have good performance in absorbing a large amount quantity of water or liquid has very interesting objects for researchers. One of the such materials is the synthetic hydrogel matrices which comprise water insoluble, but water swellable crosslinked hydrophilic polymers. These materials are known as hydrogel superabsorbent (HSA), originated in the United states as water retention agents in agriculture, and developed in Japan in middle 1970's in the personal care and hygienic products such as surgical pads, hot and cold therapy packs, medical waste solidification, disposable diapers, sanitary napkins etc. [1] . Moreover, they are used as artificial soils for hydrophonics in soil conditioning, as drug delivery systems agents for pharmaceuticals or agrochemicals and the numerous applications [2] [3] [4] [5] .
In recent years research on HSA have been intensively focused on some types of basic materials such as acrylic acid (AA) and acrylamide (AAM) monomers and its copolymers [6] [7] [8] . However, the disadvantage of HSA based on monomers/polymers synthetic is not biodegradable which will cause environmental problems. Hence, the development of multi-component superabsorbent derived from natural polymer and eco-friendly additives is subject of great interest due to their unique commercial and environment advantages and such materials have also been honored as the material families of "in greening the 21 st century materials world" [9] . Biodegradable polymers have been recently give more attention used for the preparation of hydrogels using natural polymers due to their safety, biocompatibility, hydrophilicity, and biodegradability. Among these compounds, starch as naturally occurring polysaccharides is very attractive because its may form physical gels under specific conditions. Using starchbased hydrogels has some advantages such as it has a high swelling capacity in water, applicable to a variety of process, available in many countries, abundant natural biopolymer, and easy to prepare with fairly inexpensive reagents. Therefore, It is expected that the new of HSA with improve structure and performance can be developed by the effective combination of AAM-AA with starch via gamma irradiation technique.
In previous work, the swelling behavior of poly(AAM-AA)-starch hydrogels containing 5% AAm, 15% acrylic acid with varying starch concentration (1-3%) synthesized by gamma radiation at different doses (10-30 kGy) were studied [10] . We found that incorporation of 1% starch content present in hydrogel irradiated at a dose 10 kGy, the maximum swelling ratio of hydrogel in the granular form was 350 g/g and reached at 24 h. For the application, especially as absorbents incorporated in the baby napkins, this HSA is not applicable because its swelling rate is a low. Following our previous works, we have recently emphasized mostly on the swelling rate enhancement through reducing irradiation dose. In addition, formation of powder form in the final products provides a certain way to improve swelling rate of hydrogels.
In the present work, a series hydrogel superabsorbent of poly(AAM-AA)-starch containing 5% AAM, 15% AA with 1% starch were irradiated using gamma radiation at a low radiation range of dose 7.5-12.5 kGy (dose rate 7.5 kGy/h). Effect different irradiation doses on swelling ratio were investigated. The possibility applications of copoly(AAM-AA)-starch HSA in health care is an important aim of this work.
EXPERIMENTAL SECTION

Materials
Cassava starch was obtained from local Industry. Acrylic acid (AA) and acrylamide (AAM) were purchased from E. Merck. All the other reagents were of analytical grade and used without further purification. Distilled water was used for the synthesis of the hydrogels.
Instrumentation
FTIR spectrophotometer, Shimadzu, Prestige-21. Differential scanning calometry (DSC), Shimadzu, DSC 60.
Procedure
Preparation of poly (Acrylamide-co-Acrylic Acid)-starch hydrogels
One gram of starch powder was mixed with 50 mL distilled water, stirred at 200 rpm at approximately 85±3°C for 1 h to form a paste-like slurry. Furthermore, the gelatinized starch was cooled at room temperature. Into the viscous solution was poured 15 mL acrylic acid which has been neutralized and 5 g of acrylamide, the volume of the mixture was made up to 100 mL with distilled water. The mixture was stirred at 200 rpm at room temperature for 30 min. The gelatinized starchmonomer mixture was transferred into 30 cm 3 a plastic bag, sealed, and then irradiated by γ-radiation from a 60 Co source (dose rate 7.5 kGy/h) with the doses of 7.5 kGy; 10 kGy; and 12.5 kGy at room temperature. The hydrogels obtained were vacuum dried at 60°C till constant weight and then milled to averages 60-80 mesh.
Gel fraction determination
The hydrogel powder were taken in a 300 mesh of tea bags and extracted with distilled water for 24 h to remove the soluble fraction. The gels were dried to constant weight under vacuum at 60°C to determine the soluble fraction in the samples gravimetrically Gel fraction (%) = 100
where W g is the weight of dry gels after extraction and W o is the initial weight of the gel.
Swelling rate studies
The swelling rates of hydrogels were determined by gravimetric method. The dried gel samples (W o ) were immersed in 50 mL distilled water (and other test solutions) and dispersed with magnetic stirring at 200 rpm at room temperature. The swollen sample was filtered at desired time through weighed mesh wire gauze (sieve). The excess water was removed by hanging the sieve for 1 h till no water was dropped off. Then water absorbed by hydrogels were weighed (W t ). The swelling ratio was calculated as
where W t is the weight of the swollen gel at time t and W o is the initial weight of the dried gels.
FT-IR characterization
The poly(AAM-co-AA) hydrogel, poly( AAM-co-AA)-starch and pure starch were mixed with solid KBr in stainless steel sample cup and recorded with DRS system, respectively. A spectrum for each sample was obtained using Shimadzu IR Prestige-21 spectrometer model 800 series from 4000 to 400 cm -1 with scan speed 20 cm -1 and all spectra were displayed in multipoint base line correction.
Thermal analysis
Differential scanning calorimetry (DSC) profiles of the samples were recorded using Shimadzu DSC 60. Approximately 5 mg of the hydrogel samples were 
Gel Fraction
The effect of different irradiation dose on the gel fraction of poly(AA-AAM)-starch is presented in Fig 1. It can be seen that with increasing irradiation dose from 7.5 to 12.5 kGy, the gel fraction of hydrogels increase from 75% to 90%. It is known that starch is a natural polysaccharide, which degrades on irradiation like the common natural polymers by breakdown of the main chains [11] , while the mixture of AAm and AA crosslink in aqueous medium by irradiation. When the mixture containing starch, AAm and AA is irradiated an interpenetrating polymer network (IPN) is formed with the chemical crosslinking of poly(AAm-co-AA) and physical crosslinking of starch. As a result with increasing irradiation dose up to 12.5 kGy, the density crosslinking of hydrogels increase and the gel fraction of increase.
The strong possibility mechanism reactions are occurred on the effect irradiation on the mixture AA-AAM-starch based on the reaction polymerization of Charlesby [11] . According to Charlesby, if the solution consists of two types of polymers/monomers with different chemical properties (degradation and crosslinking) irradiated with gamma rays. Thus, the results of irradiation will be a product with a more dominant in amount either in crosslinked or degraded formed. The monomer of AA and AAM are known as the crosslinking monomers and starch is degradable polymers. On the basis of the above polymerization radical process, the resulting products as the effect of gamma rays on the mixture of AA-AAM, and-starch based can be estimated from the reactions are shown in the Fig. 2 . It is well known that the mechanism reaction in radiation radicals polymerization occurs in three stapes such as initiation, propagation and termination reactions. In the initiation reaction (reaction1), in which a free radicals is created, typically water molecules absorb the rays and go to the transient activated state of HOH*. In the activated state, the covalent bonds of the HOH* molecules dissociate, causing the formation of free radicals. Dissociation of the cativater water molecule causes the formation of a hydroxyl radical, HO* and hydrogen radical, H*. Two hydrogen radicals can recombine causing the evolution of hydrogen gas. Besides, the free radical of H* (or OH*) radicals is then transferred to the potassium acrylic monomer (reaction 3), forming active center and attack acrylamide monomer (reaction 4, 5) producing copoly (AAM-AA) radicals. This step is called propagation, in which the free radical is propagated down the polymer chain. In the final step or termination reaction, the copoly (AAM-AA) is crosslinking Besides, there is another possibility of irradiated product of the AA-AAM-starch mixture is that the starch will be entrapped in poly (AA-co-AAM) matrices as IPN (Interpenetrating Polymer Networks) as final product is shown as Fig. 3 .
In addition, some soluble components in water resulting from irradiation such as peroxides, degradation products of starch, acrylic acid and potassium acrylate causing the gel fraction of the poly (AA-AAM)/starch hydrogel can not be achieved to 100%.
Effect of Immersing of Time on the Swelling of Hydrogel
The effect of immersing of time on swelling kinetics of copoly (AAM-AA)-starch hydrogels in water is presented in Fig 4. In the initial state at 15 sec, the sweling ratio of hydrogels is relatively large attained 300 times of its dried weight. With the increase of immersing of time up to 200 sec (~3 min), the swelling ratio of hydrogels gradually increased up to 400 g/g. Further increasing of immersing of time up to 1200 sec, the water absorption of hydrogels is relatively constant in the range of swelling ratio 400-420 g/g. In addition, no significant change on swelling ratio as irradiation dose increased from 7.5 kGy to 12.5 kGy. It is strongly suspected as the optimum dose range for the relatively large of the rate of absorption of hydrogels in this study. This is confirmed by our previous studies with increasing irradiation dose above 15 kGy caused the rate of absorption of the hydrogel decreased [10] . This is due to increasing irradiation doses, the density of crosslinked hydrogels increase and decreasing the rate of water absorption.
The starchs are known as cellulose derivate compounds consisting of hydroxyl group (OH) along their polymer backbones which acts as hydrophilic sites. In addition, the acrylic acid containing carboxylic groups (COOH) as hydrophilic groups is easily binding with water molecules to form hydrogen bonds with water. Some researchers reported that acrylic acidbased superabsorbent hydrogel absorbs large amount of water with the rate swelling in the range of minutes, hours and days [10, [12] [13] [14] . Hence, it is indicated that the combination of starch with AAM-AA in the powder form of hydrogel prepared at a low irradiation dose (7.5 kGy) when compared with granular form (previous work) were greatly improved the capacity of hydrogels to absorb water.
Swelling of Hydrogels in Saline Solution
The effect external stimuli such as ionic strength, temperature or solvent composition on the change of swelling ability and structure superabsorbent have been studied extensively. The swelling behavior along with swelling time in different kinds of saline solutions is very important factor for the utilization of the superabsorbent. The swelling kinetics curves of the Table 1 . Gelatinization temperature (Tg) and decomposition (Td) temperature of starch and poly(AAM-co-AA)-starch hydrogels prepared by gamma irradiation with different irradiation doses AA-AAM-starch superabsorbent in water and 0.09% NaCl solutions are shown in Fig. 5 .
In water, the swelling ratios increased with prolong immersing time. The superabsorbent reached swelling equilibrium~400 within 600 sec. Further increase of immersing time did not influence of swelling ratio of the superabsorbent. However, a distinct swelling was observed in NaCl solution. The swelling of superabsorbent increased gradually from 92 to 175 g/g of equilibrium state at 600 sec. Thus, the swelling ratio of superabsorbent in saline solution is low compared with swelling in water. The behavior can be explained on the basis of osmotic pressure developed due to unequal distribution of ions in the medium and the polymer network. The ions attached to the polymer network are immobilized and considered to be separated from the external solution by a semipermeable membrane. When the hydrogels are placed in water, there is maximum swelling. When the polymer is in NaCl solution the osmotic pressure developed is much lower because the external solution contains Na + and Cl -
FTIR Analysis
To understand the formation and crosslinking of hydrogel obtained from the mixture AAM-AA and starch prepared by gamma irradiation with the doses of 7.5 kGy, 10 kGy, and 12.5 kGy, their FT-IR spectra of poly (AAM-co-AA)-starch and starch are presented in Fig. 6 . In the spectra of poly(AAM-co-AA) prepared at a were assigned as the peaks contributed from starch [16] . In comparison of curve a (7.5 kGy) against the curve b (10 kGy) and curve c (12.5 kGy), it can be seen that the peaks at 1489, 1193, and 889 cm -1 (curve a) were shifted to higher wave numbers with the broadening peaks. The spectra starch is presented in Fig. 4d , the wide bands observed at 3485 cm . This is indicated that the starch entrapped in the poly(AA-co-AAM) matrices by crosslinking or grafting with increasing irradiation dose.
DSC Measurements
To characterize thermal properties of all samples in the present work, the heating run of DSC was taken into account. The results from DSC and the characteristics observed for pure starch and the prepared hydrogels containing starch are shown in Fig.  7 -10 and summarized in Table 1 . Fig. 7 shows the DSC of pure starch, it can be seen that there is one endotherm peak at 65.06°C is gelatinization temperature (Tp), two glass transition temperature and one exothermic peak at 354.83°C is decomposition temperature of the starch in the cassava [17] . Structural relationships between the amorphous regions and crystallites within the starch granule are responsible for the sharpness of the transition and the temperature at which it occurs [18] . Fig. 8 shows the thermogram of poly(AAM-co-AA) starch prepared at irradiation dose of 7.5 kGy with endotherm gelatinization peak at 66.23°C. In addition to this a broad exotherm decomposition peak was obtained at 408.39°C showing the crystallinity of hydrogel in different form. Fig. 9 shows the thermogram of poly(AAM-co-AA) starch prepared at irradiation dose of 10 kGy with endotherm gelatinization peak at 66.23°C and two endotherm glass transition peak at 349.40°C and 387.90°C, respectively. There is one a single sharp exothermic peak at 423.82°C, which indicated homogeneity of the crystallinity of hydrogel. Fig. 10 shows the thermogram of poly(AAM-co-AA) starch prepared at irradiation dose of 12.5 kGy with endotherm gelatinization peak at 65.02°C and two endotherm glass transition peak at 349.72°C and 402.78°C, respectively. There was one a sharp exothermic peak at 437.22°C due to the decomposition of hydrogel with the homogenous crystalline structure. However, it can be concluded that with increasing irradiation doses from 7.5 kGy to 12.5 kGy the decomposition temperature of hydrogels increase from 408.39°C to 437.22°C because of the crosslinking, which will disturbs the intra and inter molecular hydrogen bonds of starch.
CONCLUSION
A superabsorbent of poly(AAM-co-AA)-starch was synthesized by radiation copolymerization reaction of AAM, AA and starch in aqueous solution at varying irradiation doses (7.5 kGy-12.5 kGy). Experimental results show that the hydrogels can absorb water (swelling) very fast with swelling ratio was higher (~400 g/g) attained at 3 min. There was no significant different on swelling ratio among irradiation doses of hydrogels. Due to ionic strength, the swelling ratio of poly (AAM-co-AA)-starch hydrogel was low compared to its swelling in water. From FT-IR and DSC measurement, it was shown that the crosslinking occurs in the hydrogels.
